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Foreword 
A Functional Description Based on Morphology, Physiology and 
Neural Modelling 
This issue is based on lhe presentations at the satellite symposium of the meeting of the European Neuroscience 
Association (ENA) held in Amsterdam, The Netherlands, 1-2 September 1995. This symposium entitled: "The 
Dynamics of the Outer Retina. A functional description based on morphology, physiology and neural modelling" was 
made possible by the generous support by the Royal Netherlands Academy of Arts and Sciences (KNAW) and formed 
the conclusion of a 3 year collaboration, supported by the Human Frontier Science Program (HFSP). In this project, 
five groups (Kamermans/Spekreijse n Amsterdam; Stell in Calgary; Neumeyer in Mainz; Werblin in Berkeley; Usui 
in Toyohashi) worked together to advance the understanding of the wiring of the outer etina of lower vertebrates. In 
the various projects, different approaches were combined as much as possible (morphological/immunocytochemical, 
electrophysiological, behavioral and modelling). The conference was an excellent platform to discuss the results that 
originated from these colllaborative projects and from related work of other groups around the world. The meeting was 
very fruitful and the di,;cussions were vivid. Many of the presentations were submitted as manuscripts to Vision 
Research. We think tha! this issue provides a nice overview of the current understanding of the outer retina. 
The outer etina of lower vertebrates has been studied for many years now. At first, the slow potential changes that 
are, as we know now, so characteristic of the light responses of the neurons in the outer retina were received very 
sceptically. Many people did not even believe that these so-called S-potentials, recorded for the first time by 
Svaetichin, originated fiom neurons. That issue was settled after the first recordings from single cones by Tomita. 
Now, these slow responses are studied in great detail by many research groups all over the world and our knowledge 
about his neural network has advanced greatly. The use of behavioral techniques in combination with physiological 
experiments has opened the possibility to link cellular properties to behavioral phenomena (this issue: Schaerrer and 
Neumeyer, pp. 4025-40134; Mora-Ferrer and Neumeyer, pp. 4035-4044; Yazulla et al., pp. 4045-4057) revealing in 
this way the functional significance of the various retinal ayers. At this moment the outer etina might even be the best 
understood biological neural network (this issue: Maximov and Byzov, pp. 4077-4087; Usui et al., pp. 4069-4076; 
Kamiyama et al., pp. 4059--4068; Ammermiiller et al., pp. 4089-4103). Ultimately this insight in the functioning of 
the retina may lead to the development of retinal implants (this issue: Gouras and Algvere, pp. 4121-4125). 
One of the most striking features of the retinal network is that the functional connectivity isvery plastic. Almost all 
retinal neurons and interactions seem to be modulated in one way or another. The retinal network adapts trongly to 
specific features in the stimulus and changes its functional wiring during light/dark adaptation. The first stage that can 
be modulated is the phototransduction itself. Various negative feedback pathways in the photoreceptors themselves 
modulate the sensitivity of the photoreceptors, thus setting the sensitivity of the whole visual system. 
The next stage of modulation seems to be the photoreceptor/horizontal cell/bipolar cell synapse. The dendrites of 
horizontal cells and bipolar cells invaginate deep into the cone pedicle. This suggests that the synaptic region of the 
cone is shielded from the surrounding medium. However, recent evidence shows that the morphology of the cone 
synapse does not exert much influence on the dynamics of the synaptic transmission, but that glutamate re-uptake 
systems eem to be strongly involved in modulating the concentration fglutamate in the cone synaptic left and thus 
the responses of the second order neurons (this issue: Vandenbranden t al., pp. 3859-3874; Derouiche, pp. 3875- 
3878). The cone synapse strongly changes its morphology during light/dark adaptation. Finger-like structures on the 
horizontal cell dendrites, the so-called spinules, are formed in the light and disappear in the dark. The function of these 
spinules is the subject of debate (this issue: Weiler et al., pp. 3891-3899; Djamgoz et al., pp. 4007-4014; Kr6ger and 
Wagner, pp. 3879-3889; Yazulla et al., pp. 4045-4057). At this moment two camps exist; one that argues that spinules 
are the feedback synapse from horizontal cells to cones and are, therefore, pre-synaptic, and the other that spinules are 
post-synaptic. In the first view the feedback strength will be modulated, whereas in the second one the feedforward 
strength is subject o modulation. Interestingly, spinules are also found in the bipolar cell synapses in the inner 
plexiform layer (this issue: Behrens and Wagner, pp. 3901-3911). 
The next stage where signal processing seems to be very plastic is the horizontal cell layer. Horizontal cells are 
electrically coupled tightly and, therefore, have large receptive fields. These receptive fields are not of fixed size but 
are strongly modulated uring light/dark adaptation, pH changes and by substances like dopamine and quinine (this 
issue: Dixon et al., pp. 3!)25-3931; Lankheet et al., pp. 3955-3967; van de Grind et al., pp. 3969-3985; Schmidt, pp. 
3939-3942; Myhr & McReynolds, pp. 3933-3938). The pathways that lead to the release of dopamine are investigated 
thoroughly but are still not completely untangled (this issue: Schmidt, pp. 3939-3942; Myhr and McReynolds, pp. 
3933-3938). Surprisingly, a debate whether dopamine is released in the dark- or in the light-adapted retina has been 
3857 
3858 FOREWORD 
raging for many years now and is still not completely settled. The confusion seems to arise from the finding that 
dopamine may have different effects in different species and at different moments in the circadian cycles. The 
negative feedback from horizontal cells to cones is another factor that shapes the receptive fields of horizontal cells. A 
strong feedback signal reduces the spread of potentials in the horizontal cell layers. Since this feedback strength 
depends highly on the wavelength, intensity and spatial properties of the stimulus, the spatial filter properties of the 
outer plexiform layer are highly determined by the spatial and spectral composition of the stimulus (this issue: Verweij 
et al., pp. 3913-3923; Kamermans et al., pp. 4105-4119). 
Many studies have suggested that feedback from horizontal cells to cones is GABA-ergic. However, GABA 
antagonists are not completely effective in blocking the feedback response. Now it turns out that, in at least goldfish, 
horizontal cells feedback to cones by modulating the cone calcium-current directly and that GABA is not involved in 
this feedback pathway (this issue: Verweij et al., pp. 3943-3953). GABA, released by the horizontal cells, is involved 
in a positive feedback loop between horizontal cells (this issue: Blanco et al., pp. 3987-3995; Dong and Werblin, 
pp. 3997-4005). This pathway is most active in the dark-adapted retina and seems also to be modulated by dopamine. 
Via this pathway the dynamic properties of the horizontal cells are modulated. It is generally accepted that horizontal 
cells form the surround responses of the bipolar cells by feeding back to the cones. However, in some species there 
might even be a direct pathway from horizontal cells to the bipolar cells (this issue: Maple and Wu, pp. 4015-4023). 
So, the view that horizontal cells just integrate passively a stimulus over a large spatial region and provide the 
bipolar cell with a static surround has changed into the current notion that horizontal cells are constantly adapting their 
properties to the global and local stimulus parameters. In this way they modify the output of the cones and provide the 
bipolar cells with an input tuned to the spatial, dynamic and spectral properties of the stimulus. This leads to the 
conclusion that the outer etina is a plastic, biological, neural network, and that plasticity is not only a central but also 
a peripheral phenomenon. 
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